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INTRODUCTION: 

In  the  US  the  incidence  of  newly  diagnosed  B-cell  leukemias  and  lymphomas  amounts 
to  approximately  100,000  cases  per  year.  This  is  matched  by  approximately  40,000 
deaths  in  the  same  population.  While  current  treatments  are  improving,  side  effects 
from  traditional  chemotherapy  can  be  debilitating  often  causing  significant  life-long 
morbidity.  Compared  with  chemotherapy,  immunotherapy  promises  similar  or  better 
results  with  far  fewer  side  effects.  A  potential  treatment  for  individuals  who  display 
immunoglobulin  protein  on  the  surface  of  their  malignant  cells,  is  targeted 
immunotherapy  that  is  cytotoxic  for  only  tumor  cells.  But  such  immunotherapy 
strategies  are  usually  time-consuming  and  complex  to  organize.  To  address  this 
limitation  we  are  attempting  to  speed  and  simplify  the  process  of  producing  antibodies 
to  tumor-expressed  surface  immunoglobulin.  Additionally,  once  we  produce  anti-tumor 
antibodies  we  plan  on  'arming'  them  with  toxins  or  producing  CAR  T-cells.  In  this  way 
we  will  generate  novel  immunotherapeutic  treatments  for  B-cell  malignancies. 

BODY: 

Statement/Scope  of  Work  (Sow) 

Task  1.  (Immediately  below  is  the  SOW  for  Task  1  submitted  in  the  original  proposal. 
Below  that  are  the  results  and  data  from  Task  1 ). 

Using  DNA  molecular  biology  software,  convert  cDNA  sequence  data  into  candidate 
IGHV  and  IGLV  gene  sequences  from  patient  sequence  data  and  from  model  cell  line 
that  will  serve  as  target  cell  in  Task  5.  Perform  analysis  to  assign  candidate  sequence 
into  specific  immunoglobulin  family.  Design  synthetic  genes  corresponding  to  variable 
regions  of  heavy  and  light  chains  with  restriction  enzyme  sites  at  each  end  to  allow 
cloning  into  the  invivogen  vectors. 

IA.  Obtain  cDNA  sequence  data  from  model  B-cell  line  as  model  target  line  for 
experiments  described  in  Task  5  -  month  1-2. 

IB.  convert  raw  sequence  data  candidate  IGHV  and  IGLV  -  month  1-2 

I C.  establish  immunoglobulin  family  of  candidate  sequence  -  month  1  -2 

I D.  design  synthetic  genes  for  antibodies  month  1-2 

Progress:  all  elements  of  Task  1  were  accomplished.  We  purchased  two  cell  lines 
from  ATCC  (www.atcc.org):  Mecl  and  JVM13. 

Task  1 A 

The  cDNA  sequence  for  Mecl  is: 

VH: 

GT  CCT  GGACCT  CCT  GT  GCAAGAACAT  GAAACAT  CT  GT  GGTT  CCT  CCTT  CT  CC 
TGGT  GGCAGCT  CCCAGAT  GGGT  CCT  GT  CCCAGGTGCTT  CT  CCAGGAGT  CGGGCC 
CAGGACTGGT  GAAGCCTT  CGGAGACCCT  GT  CCCT  CACCT  GCGCT  GT  CT  CT  AGT  GG 
CT  CCAT  CAGT  AGTTATT  ACT  GGAGCTGGAT  CCGCCAGCCCCCAGGGAAGGGACT  G 
C  AGT  G  GATT  G  G  CT  AT  AT  GT  AT  AAAAGT  G  G  G  AG  C  AC  C  AACT  AC  AAT  C  C  CT  CT  CT  C  AA 
GAGT  CGAGT  CACCAT  AT  CAGT  AGACACGT  CCAAGAACCAGTT  CTCCCT  GAAGTT  GA 
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GCT  CT  GT  GACCGCTGCGGACACGGCCAT  GT  ATT  ACT  GTGCGAGAAGT  CAAGGGGT 
GCT  GACT  GCT  ATT  GACT  ACTGGGGCCAGGGAAT  CCTGGT  CACCGT  CT  CCT  CAGGT 
AAGAAG 


VL: 

AT  GGT  GTT  GCAGACCCAGGT  CTT  CATTT  CT  CT  GTT  GCT  CT  GGAT  CT  CTGGTG 
CCT  ACGGGGACAT  CGT  GAT  GACCCAGT  CT  CCAGACT  CCCT  GGCT  GT  GTCTCTGGG 
CGAGAGGGCCACCAT  CAACTGCAAGT  CCAGCCAGAGT  GTTTTATACAGCT  CCAAC 
AAT  AAG  AACT  ACTT AG  CTT  G  GT  ACCAG  CAG  AAACCAG  G  ACAG  CCT  CCTAAG  CTG  CT 
CATT  GACT  GGGCAT  CT  ACCCGGGAAT  CCGGGGT  CCCT  GACCGAAT  CAGT  GGCAGC 
GGGTCT  GGGACAGACTT  CACT  CT  CACCAT  CAGCAGCCT  GCAGGCT  GAAGAT  GTGG 
CAGTTT  ATT  ACT  GT  CAG  CAGT  ATT  AT  AGT  ATT  CCGT  ACACTTTT  G  G  CCAG  G  G  G  ACCA 
AGGTGGAGATAAGAAACGTAAGAAG 


The  cDNA  sequence  of  JVM  1 3  is: 


VH: 

GT  CCT  GGACCT  CCT  GTGCAAGAACAT  GAAACAT  CT  GT  GGTT  CTT  CCTT  CT  CC 
TGGT  GGCAGCT  CCCAGAT  GGGT  CCT  GT  CCCAGGT  GCAGCT  GCAGGAGT  CGGGCC 
CAGGACTGGT  GAAGCCTT  CGGAGACCCT  GT  CCCT  CACCT  GCACT  GT  CTCTGGTGG 
CT  CCAT  CAGT  AGTT  ACT  ATT  GGAGTT  GGAT  CCGGCAGT  CCCCAGGGAAGGGACT  G 
GAGTGGATTGGGTATATCTATTATAGTGGGAGCACCAACTACAACCCCTCCCTCAA 
GAGT  CGACT  CACCAT  AT  CAGTAGACACGT  CCAAGAACCACTT  CT  CCCT  GAAGCT  GA 
GCT  CT  GT  GACCGCTGCGGACACGGCCAT  GCT  GTATTACT  GT  GCGAGTT  CGTATTA 
CGATATTTTGACTGGTTACCTCTACTACTACTTTGACTACTGGGGCCAGGGAACCC 
CGGT  CACCGT  CT  CCT  CAGGTAAGAAGGGCGAATT  C 


VL: 

GAATT  CGCCCTT  ATGGCCTGGGCT  CTGCT  GCT  CCT  CACCCT  CCT  CACT  CAG 
GGCACAGGGT  CCT  GGGCCCAGT  CT  GCCCT  GACT  CAGCCT  GCCT  CCGT  GTCTGGG 
T  CT  CCT  GGACAGT  CGAT  CACCAT  CT  CCT  GCACT  GGAACCAGCAGT  GACGTT  GGTG 
GTTATAACTATGTCTCCTGGTACCAACAACACCCAGGCAAAGCCCCCAAACTCATG 
ATTT  AT  GAT  GT  CAGT  AAT  CGGCCCT  CAGGGGTTT  CT  AAT  CGCTT  CT  CTGGCT  CCAA 
GT  CT  GGCAACACGGCCT  CCCT  GACCAT  CTCTGGGCT  CCAGGCT  GAGGACGAGGC 
T  GATTATTATTGCAGCT  CATATACAAG  CAG  CAG  CACT  CT  CAT  GAT ATT  CGGCGGAG 
GGACCAAGAAGGGCGAATT  CCT  CACCGT  CCT  AGAAGGGCGAATT  C 


Task  1 B 

The  amino  acid  sequence  for  Mecl  IGHV  and  IGLV  is: 


VH: 

DLLCKNMKHLWFLLLLVAAPRWVLSQVLLQESGPGLVKPSETLSLTCAVSSGSI 
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SSYYWSWIRQPPGKGLQWIGYMYKSGSTNYNPSLKSRVTISVDTSKNQFSLKLSSVTA 

ADTAMYYCARSQGVLTAIDYWGQGILVTVSSGKKGEF 


VL: 

MVLQTQVFISLLLWISGAYGDIVMTQSPDSLAVSLGERATINCKSSQSVLYSSNN 

KNYLAWYQQKPGQPPKLLIDWASTRESGVPDRISGSGSGTDFTLTISSLQAEDVAVYY 

CQQYYSIPYTFGQGTKVEIKRKKGEF 


The  amino  acid  sequence  for  JVM13  IGHV  and  IGLV  is: 


VH: 

VLDLLCKNMKHLWFFLLLVAAPRWVLSQVQLQESGPGLVKPSETLSLTCTVSG 

GSISSYYWSWIRQSPGKGLEWIGYIYYSGSTNYNPSLKSRLTISVDTSKNHFSLKLSSV 

TAADTAMLYYCASSYYDILTGYLYYYFDYWGQGTPVTVSSGKKGEF 


VL: 

EFALMAWALLLLTLLTQGTGSWAQSALTQPASVSGSPGQSITISCTGTSSDVGG 

YNYVSWYQQHPGKAPKLMIYDVSNRPSGVSNRFSGSKSGNTASLTISGLQAEDEADY 

YCSSYTSSSTLMIFGGGTKKGEFLTVLEGRI 


Task  1C 

The  immunoglobulin  family  for  Mecl  IG  is: 

IGH-V4-59 

IGL-V4-01 

The  immunoglobulin  family  for  JVM13  IG  is: 

IGH-V4-59 

IGL-V2-14 


Task  ID 

Synthetic  genes  are  as  follows: 

4D5-7 

CAT AT  GAAAAAGACAGCTAT  CGCGATT  GCT  GT  GGCACT  GGCT  GGTTT  CGCTACCGT 
AGCGCAGGCCGATT  ACAAGGAT  GACGACGATAAGGAGGTT  CAGCT  GGT  GGAGT  CT 
GGCGGT  GGCCTGGT  CCAGCCAGGGGGCT  CACT  CCGTTT  GT  CCT  GT  GCCGCTT  CT 
GGCTTCAACATTAAAGACACCTATATACACTGGGTGCGTCAGGCCCCGGGTAAGG 
GCCTGGAATGGGTTGCAAGGATTTATCCTACGAATGGTTATACTAGATATGCCGAT 
AGCGTCAAGGGCCGTTTCACTATAAGCGCAGACACATCCAAAAACACAGCCTACCT 
GCAGAT  GAACAGCCT  GCGCGCT  GAGGACACAGCCGT  CTATTATT  GTT  CTAGAT  GG 
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GGAGGGGACGGCTTCTATGCTATG  G  ACT  ACTGGGGT  CAAG  G  AAC  CCTGGTCACC 
GTCTCCTCAGGCGGAGGCGGATCCGGTGGTGGCGGCTCTGGTGGTGGCGGCAG 
CGAT  AT  CCAGAT  GACCCAGT  CCCCGAGCT  CCCT  GT  CCGCCT  CT  GT  GGGCGAT  AGG 
GT  CACCAT  CACAT  GCCGT  GCCAGT  CAGGAT  GT  GAAT  ACT  GCT  GTAGCCT  GGTAT  CA 
ACAGAAACCAGGAAAAGCT  CCGAAACT  ACT  GATTT  ACT  CGGCAT  CCTT  CCT  CGAGT 
CT  GGCGT  CCCTT  CT  CGCTT  CT  CT  GGAT  CCAGAT  CT  GGGACGGATTT  CACT  CT  GACC 
AT  CAGCAGT  CTGCAGCCGGAAGACTT  CGCAACTT  ATT  ACT  GT  CAGCAACATT  AT  AC 
T  ACGCCT  CCCACGTT  CGGACAGGGT  ACCAAGGT  GGAGAT  CAAAT  GAGAATT  C 


Mecl 

CAT AT  GAAAAAGACAGCTAT  CGCGATT  GCT  GT  GGCACT  GGCTGGTTT  CGCTACCGT 
AGCGCAGGCCGATTACAAGGATGACGACGATAAGCAGGTTCAGCTCCAGGAATCT 
GGT  CCGGGT  CT  GGTT  AAACCGT  CT  GAAACCCT  GT  CT  CT  GACCTGCGCGGTTT  CTT  C 
T  GGTT  CT  AT  CT  CTT  CTT  ACT  ACT  GGT  CTT  GGAT  CCGT  CAGCCGCCGGGTAAAGGT  C 
T  GCAGTGGAT  CGGTT  ACAT  GTACAAAT  CT  GGTT  CT  ACCAACT  ACAACCCGT  CT  CT  G 
AAAT  CT  CGT  GTT  ACCAT  CT  CT  GTT  GACACCT  CT  AAAAACCAGTT  CT  CT  CT  GAAACT  G 
T  CTT  CT  GTTACCGCGGCGGACACCGCGAT  GT  ACT  ACT  GCGCGCGTT  CT  CAGGGT  G 
TT  CT  GACCGCGAT  CGACT  ACT  GGGGT  CAGGGT  AT  CCT  GGTT  ACCGTTT  CTT  CT  GGT 
GGTGGTGGTT  CT  GGTGGTGGT  GGTT  CT  GGT  GGTGGT  GGTT  CT  GACATT  GT  AAT  GA 
CCCAGAGCCCGGATT  CACT  CGCGGT  CAGT  CT  CGGCGAACGAGCT  ACCAT  CAACT  G 
CAAAT  CTT  CT  CAGT  CT  GTT  CTGT  ACT  CTT  CT  AACAACAAAAACT  ACCTG  G  CGTG  GTA 
CCAGCAGAAACCGGGT  CAGCCG  CCGAAACT  GCT  GAT  CGACT  GGGCGT  CT  ACCCG 
T  GAAT  CTGGT  GTT  CCGGACCGT  AT  CT  CTGGTT  CT  GGTT  CT  GGT  ACCGACTT  CACCC 
T  GACCAT  CT  CTT  CT  CT  GCAGGCGGAAGACGTT  GCGGTTT  ACT  ACT  GCCAGCAGT  AC 
T  ACT  CTATCCCGT  ACACCTT  CGGT  CAGGGT  ACCAAAGTT  GAAAT  CAAAT  GAGAATT 
C 

JVM  13 

CAT AT  GAAAAAGACAGCTAT  CGCGATT  GCT  GT  GGCACT  GGCT  GGTTT  CGCTACCGT 
AG  CG  CAG  G  CCG  ATT  ACAAG  G  AT  G  ACG  ACG  AT  AAG  CAG  GTT  CAG  CTT  CAG  GAAT  CT 
GGT  CCGGGT  CT  GGTT  AAACCGT  CT  GAAACCCT  GT  CT  CT  GACCT  GCACCGTTT  CT  G 
GT  GGTT  CT  AT  CT  CTT  CTT  ACT  ACT  G  GT  CTTGG  AT  CCGT  CAGT  CT  CCGGGT  AAAGGT 
CT  GGAAT  GGAT  CGGTT  ACAT  CT  ACT  ACT  CT  GGTT  CT  ACCAACT  ACAACCCGT  CT  CT 
GAAAT  CT  CGT  CT  GACCAT  CT  CT  GTT  GACACGT  CT  AAAAACCACTT  CT  CT  CT  GAAACT 
GT  CTT  CT  GTTACCGCGGCGGACACCGCGATGCT  GTACTACTGCGCGT  CTT  CTTACT 
ACGACATCCTGACCGGTTACCTGTACTACTACTTCGACTACTGGGGTCAGGGTACC 
CCGGTT  ACCGTTT  CTT  CT  GGTGGT  GGT  GGTT  CT  GGTGGT  GGTGGTT  CTGGTGGTG 
GT  GGTT  CT  CAGT  CTGCGCT  GACCCAGCCGGCGT  CT  GTTT  CTGGTT  CCCCGGGT  CA 
GTCTAT  CACCAT  CT  CTT  G  CACTG  GTACCT  CTT  CT  GACGTT  G  GTG  GTT  ACAACT  AC  GT 
TT  CTT  GGT  ACCAGCAGCACCCGGGTAAAGCGCCGAAACT  GAT  GAT  CT  ACGACGTT 
T  CT  AACCGT  CCGT  CT  GGT  GTTT  CT  AACCGTTT  CT  CT  GGTT  CTAAAT  CTGGT  AACACC 
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GCGT  CT  CT  GACCAT  CT  CTGGT  CTGCAGGCGGAAGACGAAGCGGACT  ACT  ACT  GCT 
CTT  CTT  ACACCT  CTT  CTT  CTACCCT  GAT  GAT  CTT  CGGT  GGTGGT  ACCAAAAAAGGT  G 
AGTT  CCT  GACCGTT  CT  GT  AAT  GAGAATT  C 

Task  2.  (Immediately  below  is  the  SOW  for  Task  2  submitted  in  the  original  proposal. 
Below  that  are  the  results  and  data  from  Task  2). 

Verify  clones  via  DNA  sequencing.  Transfer  clones  into  expression  vectors.  Begin 
expression  of  cloned  antibodies.  Purify  cloned  antibodies  using  protein  G  column. 

2A.  Verify  clones  via  DNA  sequencing  -  month  3 

2B.  Subclone  IGHV  and  IGLV  into  expression  vectors  -  month  4 

2  C.  Express  cloned  antibodies  into  supernatants  of  CHO  cultured  cells  -  month 

5-6. 

2D.  Purify  expressed  antibody  using  protein  G  affinity  chromatography  -  month 
7-8. 


Progress:  all  elements  of  Task  2  have  been  accomplished.  However,  we  changed  our 
approach  from  expression  in  mammalian  cells  and  instead  have  expressed  cloned 
antibodies  in  bacterial  cells. 

Task  2A.  We  cloned  the  variable  portions  of  the  heavy  and  light  chains  of  the  Mecl  IG 
and  the  JVM  13  IG.  Those  sequences  are  provided  immediately  below. 


Mecl  DNA  sequence:  variable  heavy  chain  linker  and  then  variable  light  chain 

CAT AT  GAAAAAGACAGCTAT  CGCGATT  GCT  GT  GGCACT  GGCT  GGTTT  CGCTACCGT 
AGCGCAGGCCGATTACAAGGATGACGACGATAAGCAGGTTCAGCTCCAGGAATCT 
GGT  CCGGGT  CT  GGTT  AAACCGT  CT  GAAACCCT  GT  CT  CT  GACCTGCGCGGTTT  CTT  C 
T  GGTT  CT  AT  CT  CTT  CTT  ACT  ACTGGT  CTT  GGAT  CCGT  CAGCCGCCGGGTAAAGGT  C 
T  GCAGTGGAT  CGGTT  ACAT  GT  ACAAAT  CTGGTT  CT  ACCAACT  ACAACCCGT  CT  CT  G 
AAAT  CT  CGT  GTT  ACCAT  CT  CT  GTT  GACACCT  CT  AAAAACCAGTT  CT  CT  CT  GAAACT  G 
T  CTT  CT  GTTACCGCGGCGGACACCGCGAT  GT  ACT  ACT  GCGCGCGTT  CT  CAGGGT  G 
TT  CT  GACCGCGAT  CGACT  ACT  GGGGT  CAGGGT  AT  CCT  GGTT  ACCGTTT  CTT  CT  GGT 
GGTGGTGGTT  CT  GGTGGTGGT  GGTT  CT  GGT  GGTGGT  GGTT  CT  GACATT  GT  AAT  GA 
CCCAGAGCCCGGATT  CACT  CGCGGT  CAGT  CT  CGGCGAACGAGCT  ACCAT  CAACT  G 
CAAAT  CTT  CT  CAGT  CT  GTT  CTGTACT  CTT  CT  AACAACAAAAACT  ACCTG  G  CGTG  GTA 
CCAGCAGAAACCGGGT  CAGCCGCCGAAACT  GCT  GAT  CGACT  GGGCGT  CT  ACCCG 
T  GAAT  CTGGT  GTT  CCGGACCGT  AT  CT  CTGGTT  CT  GGTT  CT  GGT  ACCGACTT  CACCC 
T  GACCAT  CT  CTT  CT  CT  GCAGGCGGAAGACGTT  GCGGTTT  ACT  ACT  GCCAGCAGT  AC 
T  ACT  CTATCCCGT  ACACCTT  CGGT  CAGGGT  ACCAAAGTT  GAAAT  CAAAT  GAGAATT 
C 

JVM13  DNA  sequence:  variable  heavy  chain  linker  and  then  variable  light  chain 
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CAT AT  GAAAAAGACAGCTAT  CGCGATT  GCT  GT  GGCACT  GGCT  GGTTT  CGCTACCGT 
AG  CG  CAG  G  CCG  ATT  ACAAG  G  AT  G  ACG  ACG  AT  AAG  CAG  GTT  CAG  CTT  CAG  G  AAT  CT 
GGT  CCGGGT  CT  GGTT  AAACCGT  CT  GAAACCCT  GT  CT  CT  GACCTGCACCGTTT  CT  G 
GT  GGTT  CT  AT  CT  CTT  CTT  ACT  ACT  GGT  CTTGGAT  CCGT  CAGT  CTCCGGGT  AAAG  GT 
CT  GGAAT  GGAT  CGGTT  ACAT  CT  ACT  ACT  CT  GGTT  CT  ACCAACT  ACAACCCGT  CT  CT 
GAAAT  CT  CGT  CT  GACCAT  CT  CT  GTT  GACACGT  CT  AAAAACCACTT  CT  CT  CT  GAAACT 
GT  CTT  CT  GTTACCGCGGCGGACACCGCGATGCT  GTACTACTGCGCGT  CTT  CTTACT 
ACGACATCCTGACCGGTTACCTGTACTACTACTTCGACTACTGGGGTCAGGGTACC 
CCGGTT  ACCGTTT  CTT  CT  GGTGGT  GGT  GGTT  CT  GGTGGT  GGTGGTT  CTGGTGGTG 
GT  GGTT  CT  CAGT  CTGCGCT  GACCCAGCCGGCGT  CT  GTTT  CTGGTT  CCCCGGGT  CA 
GTCTAT  CACCAT  CT  CTT  G  CACTG  GTACCT CTT  CT  GACGTT  G  GTG  GTT  ACAACT  AC  GT 
TT  CTT  GGT  ACCAGCAGCACCCGGGTAAAGCGCCGAAACT  GAT  GAT  CT  ACGACGTT 
T  CT  AACCGT  CCGT  CT  GGT  GTTT  CT  AACCGTTT  CT  CT  GGTT  CTAAAT  CT  GGTAACACC 
GCGT  CT  CT  GACCAT  CT  CTGGT  CTGCAGGCGGAAGACGAAGCGGACT  ACT  ACT  GCT 
CTT  CTT  ACACCT  CTT  CTT  CTACCCT  GAT  GAT  CTT  CGGT  GGTGGT  ACCAAAAAAGGT  G 
AGTT  CCT  GACCGTT  CT  GT  AAT  GAGAATT  C 


Task  2B.  IG  sequences  from  both  cell  lines  were  subcloned  into  bacterial  expression 
vectors.  An  OmpA  signal  and  Flag-tag  sequences  were  engineered  just  before  the  IG 
sequences.  An  illustration  of  this  is  provided  in  Figures  1-5. 

Task  2C.  Expressed  clones  produced  antibodies  in  the  periplasm  preparations  of 
bacteria.  The  presence  of  the  antibodies  was  confirmed  with  anti-Flag  western  blots 
and  these  are  provided  in  Figure  6. 

Task  2D.  Antibodies  were  purified  using  a  combination  of  Flag-tag  affinity  column 
chromatography  and  size  exclusion  chromatography.  Examples  are  shown  in  Figure  7. 

Task  3.  Immediately  below  is  the  SOW  for  Task  3  submitted  in  the  original  proposal. 
Below  that  are  the  results  and  data  from  Task  3. 

Selection  of  phage  that  bind  to  the  purified  candidate  antibody  and  not  to  irrelevant 
antibodies.  Phage  are  from  single  chain  Fv  library.  Sequence  phage  that  bind  to 
candidate  antibodies. 

3A.  Select  binders  from  phage  library  -  month  9. 

3B.  Enrich  for  high  affinity  binders  via  multiple  rounds  of  selection  -  month  10-11. 
3C.  Sequence  phage  at  the  end  of  three  rounds  of  panning  and  verify 
enrichment  and  sequence  as  a  single  chain  Fv  -  month  12-13. 

Progress:  No  element  of  Task  3  has  been  completed  yet.  We  are  few  months  behind 
in  schedule.  However,  when  it  was  clear  that  antibody  purification  lagged  we  used  the 
phage  library  to  select  for  antibodies  that  bound  to  a  model  antigen.  This  gave  Ms 
Weiss  practice  with  the  system  and  allowed  us  to  confirm  the  functionality  of  the 
'Tomlinson'  library. 
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The  following  tasks  have  not  begun. 

Task  4.  Convert  single  chain  Fv  from  library  into  a  therapeutic  antibody 
4A.  Convert  single  chain  Fv  into  immunotoxin  -  month  14 
4B.  Convert  single  chain  Fv  into  a  full-length  antibody  -  month  15-16 
4C.  Convert  single  chain  Fv  into  a  Chimeric  antigen  receptor-  month  17-  20 

Task  5.  Conduct  preliminary  experiments  in  tissue  culture  to  characterize  the  cytotoxic 
activity  of  candidate  immunotoxins,  full-length  antibodies  and  chimeric  antigen  receptor 
constructs  -  months  21-24. 

KEY  RESEARCH  ACCOMPLISHMENTS: 

•  Purchased  two  B-cell  tumor  cell  lines,  Mecl  and  JVM  13 

•  Obtained  'Tomlinson'  human  antibody  phage  library  from  Dr  Mitchell  Ho 

•  Determined  that  both  lines  express  surface  immunoglobulin  (IG) 

•  Used  PCR  and  cDNA  cloning  techniques  to  obtain  IG  sequence  data 

•  Established  that  Mecl  IG  from  the  XXX  family 

•  Established  that  JVM13IG  is  from  the  YYY  family 

•  Synthesized  the  4D5  single  chain  Fv  as  a  negative  control  antibody 

•  Determined  the  CDR3  sequences  from  the  IG  heavy  and  light  chains 

•  Constructed  hybrid  antibody  genes  by  inserting  CDR3  into  4D5 

•  Constructed  expression  plasmids  with  OmpA  and  Flag-tag  sequences 

•  Expressed  single  chain  Fvs  of  5  antibodies  to  the  perimplasm  of  E  coli 

•  Purified  antibodies  via  Flag  affinity  resins  and  size  exclusion  chromatography 

•  Verified  utility  of  'Tomlinson'  phage  library  using  model  antigen 
Selected  antibody  from  Tomlinson  library  via  antigen  panning 

REPORTABLE  OUTCOMES: 

The  PI  attended  IBC  Antibody  Engineering  Meeting,  San  Diego,  CA  in  Dec  2012. 

Ms  Weiss  attended  the  “BIOTRAC8:  Immunochemistry  and  Monoclonal  Antibody 
Production”  course  from  7/22/2013-7/26/2013. 

Ms  Weiss  has  prepared  a  draft  manuscript  describing  her  results  (Attached  as  appendix 
1). 

CONCLUSION: 

Excellent  progress  has  been  made  toward  completing  our  stated  goals  and  tasks.  We 
have  cloned,  sequenced  and  engineered  the  variable  portions  of  two  surface 
immunoglobulin  molecules.  These  immunoglobulin  molecules  were  detected  on  the 
surface  of  the  Mecl  and  JVM13  cell  lines.  CDR3  sequences  from  these  immunoglobulins 
were  identified  and  then  engineered  into  the  model  4D5  antibody  as  'replacement  inserts'. 
CDR3  inserts  were  engineered  into  both  the  heavy  and  light  chains.  The  4D5-Mec1  and 
4D5-JVM13  antibodies  are  now  being  probed  with  our  antibody  phage  library  to  select 
binders  that  react  only  with  the  CDR3  portion  of  each  antibody.  Separately,  the  utility  of 
the  phage  library  was  confirmed. 
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APPENDIX  1: 

CDR3-directed  Immunotherapy 

Authors:  Emily  Weiss,  Bob  Sarnovsky,  Antonella  Antignani,  and  David  FitzGerald 

While  standard  chemotherapeutic  protocols  can  significantly  decrease  tumor 
burden  and  prolong  life  expectancy,  they  are  unable  to  cure  many  patients  diagnosed 
with  B  cell  malignancies;  therefore,  there  exists  a  need  for  the  research  and 
development  of  alternative  treatment  approaches.  In  the  area  of  cancer  research,  there 
has  been  a  rising  interest  in  recruiting  the  patient’s  own  immune  system  to  target 
existing  tumors.  This  type  of  immunotherapy  can  involve  methods  such  as  immunization 
against  tumor  cells  or  delivery  of  a  toxic  agent  through  the  use  of  an  antibody  targeting 
a  tumor  specific  antigen  (TSA).  Unique  sequences  located  in  the  immunoglobulin 
molecules  on  the  cell  surface  of  B  cells  represent  one  such  TSA. 

Immunoglobulins  expressed  on  the  cell  surface  of  B-lymphocytes  undergo  a 
complex  process  known  as  hypersomatic  mutation  when  presented  with  antigen.  It 
involves  the  rearrangement  of  immunoglobulin  gene  segments  such  that  the  end  protein 
can  efficiently  bind  a  specific  antigen,  allowing  for  a  proliferation  and  survival  signal  to 
be  sent  into  the  B  cell.  The  result  is  a  population  of  mature  B  cells  displaying  identical 
immunoglobulin,  which  recognize  a  single  target  antigen.  This  specificity  can  be 
attributed  to  the  Complementary  Determining  Regions  (CDRs)  located  in  the  variable 
regions  of  both  heavy  and  light  chains.  Out  of  six  CDRs,  it  is  believed  that  the  CDR3 
exhibits  the  most  diversity  and  therefore  most  unique  to  its  target  antigen.  B  cell 
malignancies  are  clonal  cancers  and  therefore  express  identical  immunoglobulin  on 
their  cell  surface.  It  follows  then,  that  the  malignant  B  cell  CDR3s  should  make  a  reliable 
TSA. 

Here  we  investigate  a  novel  method  in  the  treatment  of  B  cell  cancers  through  a 
rapid  procession  of  cloning  and  phage  display  to  isolate  antibodies  to  the  variable 
regions  and  CDR3s  of  immunoglobulin.  These  antibodies  can  then  be  used  as  targeted 
delivery  systems  for  cytotoxic  agents,  such  as  an  antibody  drug  conjugate  or  a  cytotoxic 
T  cell  expressing  a  chimeric  antigen  receptor  (CAR). 

As  outlined  in  the  project  narrative,  we  have  chosen  to  study  two  tumor  cell  lines 
and  cloned  the  variable  regions  of  both  heavy  and  light  chains.  The  tumor  cell  lines 
selected  were  MEC1  and  JVM13,  a  CLL  and  PLL  cell  line,  respectively  (SU-DHL-6  was 
not  used  due  to  loss  of  viability  only  weeks  after  being  reintroduced  into  media  and 
standard  culture  conditions).  Total  RNA  was  isolated  from  cells.  Using  5ug  of  isolated 
total  RNA,  reverse  transcription  was  performed  using  SuperScriptTM  III  Reverse 
Transcriptase  kit  from  Invitrogen.  This  yielded  single  stranded  cDNA  to  be  used  as  a 
template  in  IgH  and  IgL  cloning.  Primers  purchased  from  BIOMED-2  in  combination  with 
AmpliTaq  Gold  master  mix  were  used  in  the  PCR  reactions,  primers  can  be  seen  below 
in  Fig  1-3. 
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VH  dh  jh 


Vh-FR1  primers  VH-FR2  primers _ VH-FR3  primers  Jh  primer 


Vh  family  primers 

IGH  tube  A  g.  *  /GW  tubes  A,  B,  and  C 

VhI-FRI  (1-2)  (-252)  GGCCTCAGTGMGGTCTCCTGCAAG  CCAGTGGCAGAGGAGTCCATTC  (+57)  Jh  consensus 

Vh2-FR1  (2-5)  (-284)  GTCTGGTCCTACGCTGGTGAAACCC 

Vh3-FR1  (3-7)  (-256)  CTGGGGGGTCCCTGAGACTCTCCTG 

VH4-FR1  (4-4)  (-256)  CTTCGGAGACCCTGTCCCTCACCTG 

VH5-FR1  (5-51)  (-255)  CGGGGAGTCTCTGAAGATCTCCTGT 

VH6-FR1  (6-1)  (-263)  TCGCAGACCCTCTCACTCACCTGTG 

Figure  1.  Primer  mix  used  in  IGH  cloning  reactions.  (Find  concentrations  used)  of  both 
forward  and  reverse  primer  were  mixed  with  8ul  cDNA  and  25ul  AmpliTaq  Master  Mix. 
PCR  conditions  were  as  follows:  95°C  -  7minutes;  30  cycles:  95°C  -  1  minute,  55°C  - 
30seconds,  72°C  -  1  minute;  72°  -  lOminutes.  Check  #1  TA-1 


V  K 


JK 


Vx2f  Vk4  Vk5 


VK-3f  Vk-lf/6  Vk-7 


Jk  primers 


IGK  tubes  A  and  B 

-110) 
249) 
(3-11)  (-160) 

£ 

(7-3) 


VKlf/6  (1-12) 
VK2f  (2-24) 
Vic3f 
Vk4 
Vk5 
Vk7 


(-243) 

-223) 

(-84) 


Vk  family  primers 

1 


5'  3’  3’ 

TCAAGGTTCAGCGGCAGTGGATCTG  CCCTGGTTCCACCTCTAGTTTGCATTC 
GGCCTCCATCTCCTGCAGGTCTAGTC  CCCTGTGCTGACCTCTAATTTGCATTC 
CCCAGGCTCCTCATCTAT  GAT  GC  AT  CC 
CAACTGCAAGTCCAGCCAGAGTGTTTT 
CCTGCAAAGCCAGCCAAGACATTGAT 
GACCGATTTCACCCTCACAATTAATCC 


IGK  tube  A 

(+42)  Jk1-4 
(+43  Jk5 


Figure  2.  Primer  mix  used  in  IGK  cloning  reactions.  45ul  of  primer  mix  was  mixed  with 
5ul  cDNA  and  0.5ul  pure  AmpliTaq  enzyme.  PCR  prog  #36  IGL  (look  up)  Cloning  was 
only  performed  for  MEC1 . 


vx 


JX 


1 


VX  primers 


JX  primer 


5'  3'  3'  5' 

VA1/2  (1-36)  (-111)  ATTCTCTGGCTCCAAGTCTGGC  CCCTGGTTCGAGTGGCAGGArC  (+38)  JX1/2/3 

V/.3  (3-1 )  (-119)  G G AT CCC T G AGCGATT C TCTGG 

Figure  3.  Primer  mix  used  in  IGL  cloning  reactions.  45ul  of  primer  mix  was  mixed  with 
5ul  cDNA  and  0.5ul  pure  AmpliTaq  enzyme.  PCR  prog  #36  IGL  (look  up)  Cloning  was 
only  performed  for  JVM13. 

PCR  sample  from  each  cloning  reaction  was  run  on  an  agarose  gel  to  check  for 
purity  and  size  of  product.  Cloned  segments  were  then  ligated  into  the  TA-TOPO  vector 
(Invitrogen),  transformed  into  competent  E.  coli  cells,  and  plated  on  Kanamycin 
50mg/ml  plates.  Bacterial  colonies  were  then  grown  out  and  the  plasmids  isolated  using 
the  MiniPrep  kit  (QIAGEN).  Purified  plasmids  were  then  sent  out  to  a  sequencing  lab 
located  at  Johns  Hopkins  University.  Sequencing  results  were  queried  against  the  IMGT 
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database  online  to  check  for  V-gene  rearrangement  and  location  of  CDRs.  Respective 
families  for  heavy  and  light  chains  can  be  viewed  in  Table  1  below. 

Table  1 .  List  of  V-gene  families  based  on  sequence  data.  Sequence  data  was  derived 


from  DNA  and  queried  against  IGMT  database  to  give  respec 

tive  V-gene  families. 

IGH 

IGK 

IGL 

MEC1 

V4-59 

V4-1 

JVM13 

V4-59 

V2-14 

Table  1 .  List  of  V-gene  families  based  on  sequence  data. 


While  the  primers  from  BIOMED-2  were  able  to  clone  the  majority  of  the  variable 
region  for  both  heavy  and  light  chain,  some  sequences  were  incomplete.  Therefore, 
primers  were  designed  by  resident  immunologist  Evgeny  Arons  so  that  the  full  heavy 
and  light  chain  variable  regions  for  both  MEC1  and  JVM13  cell  lines  could  be 
sequenced.  Those  primers  can  be  viewed  below  in  Table  2.  Sequencing  results  are 
reported  below  in  Fig  4. 


Table  2.  Forward  and  reverse  oligos  used  in  cloning  to  get  full  V-region  sequences.  IGH 
used  in  both  MEC1  and  JVM13  PCR  reactions,  while  IGK  was  used  only  for  MEC1  and 
IGL  used  only  for  JVM1 3.  All  primers  listed  5’-3’. _ _ 


IGH 

IGK 

IGL 

Forward 

AGTCCTGGACCTCCTGTGCAA 

CGGGCCGTTTGCATT  GTGAACT 

ATGGCCTGGGCTCTGCTGCTCC 

Reverse 

TACATGGCCGTGTCCGCAGC 

ATCTCCACCTTGGTCCCCTGG 

CTTGGT  CCCTCCGCCGAATAT  CAT 

QVLLQESGPGLVKPSETLSLTCAVSSGSISSYYWSWIRQPPGKGLQWIGYMYKSGSTNYNPSLK 

SRVTISVDTSKNQFSLKLSSVTAADTAMYYCARSQGVLTAIDYWGQGILVTVSS 


DIVMTQSPDSLAVSLGERATINCKSSQSVLYSSNNKNYLAWYQQKPGQPPKLLIDWASTRESGV 

PDRISGSGSGTDFTLTISSLQAEDVAVYYCQQYYSIPYTFGQGTKVEIK 


QVQLQESGPGLVKPSETLSLTCTVSGGSISSYYWSWIRQSPGKGLEWIGYIYYSGSTNYNPSLK 

SRLTISVDTSKNHFSLKLSSVTAADTALYYCASSYYDILTGYLYYYFDYWGQGTPV 


d. 

QSALTQPASVSGSPGQSITISCTGTSSDVGGYNYVSWYQQHPGKAPKLMIYDVSNRPSGVSNR 

FSGSKSGNTASLTISGLQAEDEADYYCSSYTSSSTLMIFGGGTK 

Figure  4.  Protein  sequences  for  V-region  of  MEC1  and  JVM13  heavy  and  light  chains. 
Highlighted  sequence  regions  are  CDR1  (green),  CDR2  (blue),  and  CDR3  (orange),  (a) 
MEC1  IgH;  (b)  MEC1  IgK;  (c)  JVM13  IgH;  (d)  JVM13  IgL. 
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Once  the  sequences  for  MEC1  and  JVM13  heavy  and  light  chains  were  known,  3 
codon-optimized  synthetic  genes  were  ordered  from  Blue  Heron  Biotechnologies:  a  full 
4D5  antibody  copied  from  Genentech,  a  full  MEC1  and  a  full  JVM  13.  From  these 
synthetic  genes,  five  proteins  were  made  in  order  to  use  in  phage  display.  The  five 
proteins  are  a  full  4D5  antibody,  full  MEC1  and  JVM13  antibodies,  and  the  full  4D5 
antibody  with  the  either  the  CDR3s  for  heavy  and  light  chains  from  MEC1  or  JVM  13 
swapped  for  the  4D5  CDR3s  (4D5MEC1  and  4D5JVM13,  respectively).  The  CDR3s  for 
MEC1  and  JVM13  were  cloned  into  the  full  4D5  using  mini  constructs.  A  schematic  of 
the  five  proteins  can  be  seen  in  Fig  5. 


4D5  MEC1  JVM13  4D5MEC1  4D5JVM13 


Figure  5.  Single-chain  variable  fragments  produced  for  phage  display. 

Minigenes  for  antibodies  in  Fig5  were  cloned  into  an  immunotoxin  expression 
vector  (one  that  was  readily  available  in  our  lab)  with  a  T7  promoter.  These  minigenes 
included  an  OmpA  signal  and  FLAG  tag,  which  when  translated  to  protein  are  present  at 
the  N-terminus.  Once  the  proteins  are  made  and  directed  to  the  periplasm  through  the 
OmpA  signal,  the  cells  are  lysed  and  the  soluble  protein  that  was  extracted  was  run 
through  an  Anti-DYKDDDDK  G1  (Anti-Flag)  Affinity  Resin  (GenScript).  The  bound 
scFvs  were  then  eluted  and  purified  in  soluble  form. 

All  five  scFvs  will  be  used  in  panning  with  the  Tomlinson  l+J  phage  libraries. 
Ultimately,  we  want  phage  expressing  randomized  scFvs  to  bind  only  the  CDR3s  of 
MEC1  and  JVM  13,  meaning  that  after  the  panning  process,  selected  phage  should  only 
bind  the  4D5MEC1  and  4D5JVM13  and  not  the  full  4D5.  However,  although  both 
Tomlinson  libraries  contain  great  diversity  (1=1 .47x1 08  and  J=1.37x108),  there  could 
possibly  not  be  a  scFv  expressing  phage  that  will  bind  to  only  the  CDR3s.  Therefore, 
panning  will  also  be  done  on  the  full  MEC1  and  JVM13  scFvs. 
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SUPPORTING  DATA: 


Fig  1 .  humAb4D5-7  wt  OmpA  flag 


Ndel  (77)  Nrwi  (96) 

76  .otATGAAAAAGACAGCTATCGCGATTGCtGTGGCACTGGCTGGrTTCGCTACCGTAGCGCAGGCCGA^TACAAGuAlGACGACGATAAb 
1M  K  K  T  A  I  A  I  AVALAGPATVAQA  - !♦* *  £ 

(OmpAsJg)  (flag)  — 

Xmal  (286) 

Smal  (286) 


217  i  v.n  .  c 1  1  i "  •.«  '  U..(,ACACC  (AUTAtAC  r.'.'  ?.Aj'  i ..A-1-  _ 

17>S  l  R  L  S  C  A  A  S  G  F  N  (  KOTYI  h  'ft  V  R  Q  A  f  G  <  G  l  F  IV 


VQLVESG6G 


L  V  0  P  G  G 


.I'GCAAGGAniATCnACGAArGG^TAfAGlAuAIAlGCCGATAG 
VARI  VPTNGYTRVADS 


BbvCI  (428) 

BssHII  (424)  (WIVH  COR3) 

356  CGTCAAGGGr  *  *  1  •  A  A.  -Am,  ^  ,t  o  '  '  TeTAGATGGGGAGGGGACGGCTTCTATGGTATGGACTAC 

63*  V  K  G  R  F  T  I  SAOTSKNTAYIQMNSLRAEDTAVVYCSRWGGOGFVAMOY 


Sad  (595) 

Ed!  3611  (S95) 

EcoRV  < 572)Tthl  1 II  (583) 

49S  cGGCGGAGGGGGATCCGGTGGTGGCGGGTCTGGTGGTGGGGGCAGG 

12(1*  WGQGTLVTVS  5  **■  1  I  QMTQ5P5SLSA  SVGDRVT 


Bsu36l  (S 22) 
BseRl  (520) 


1*GGGG$GGGGSGGGGS 

(flex  linker) 


Xhol  (731) 

634  3  G 1  wC  •  Atl  AbuAT  uT  jAAT  At  ICC!  GTAGl 1  »CGC»  AUCTKCU  tAGT  ..  t,  ,c  . 

21*  I  TCRASQDVNTAVAWYQQKPGK4PKLLI  YSASFLESGVPSRF  SGSR5 


Kpnl  (872) 

Bbsl  (812)  (wtVLCDR3)  Acc6SI  (872)  EcoRI  (896) 

•  rCACCMCAmTACTACoCCTCCCACG  rCJ 

67*  GTDPTITI  SSLQPEDFATVYCQQHYTTPPTF  GQGTKVE  I  K 
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humAb4D5-7  MEC1  OmpAflag 


Fig  2 


Ndel  (77)  Nrul  (96) 

78  ::atATGAAAAAGACAGCTATCGCGATTGCtGTGGCACT6GCTGGTTTCGCTACCGTAGCGCA6GCCGArTACAAGGATGA!:GACGATAA'.i  .  c 

1»  M  K  K  T  A  I  A  I  AVALAGFATVAQA  -  ,»■  f  VQLVE  SGGGLVQPGG 

- *  DY<DODDK 


2 1G 

17*  S  L  R 


(OmpAsig) 

c  I ACA '  I  A.VAGAC  ACCT  ATATACACI 

lscaasgfni  K  0  T  V  I  H 


- 

Xmal  (266) 

Smal  (286) 

GGG  uCGTt  Av,GClC 'IG.  G  T  AA  L^CCT  GG  './.;  uGCT  TG<.  AAGGA TTTArCCT  ACGAATGG  n AF ACTAGA1 ATGCC GA  J 
WVRQAPGKGLEVKVAB  \  YPTNGYTRYAD 


3S4  AGCCIIAAGGu  I,.' 

63*  S  V  K  G  «  F  T  I  S  A  D  T 


BbvCl  (428) 

BssHII  (424)  (MEC1  VH  COR3) 

A  AAA. L ;  AGV'.A-.  aG-  •  •  »cv  o,:  GTMAnA  l  GCTCGTTCTtAAGGTGTTTTAACTGCTArTGATTAT 

SKNTAYLQMNSLRAEDTAVYYCAR  5QGVL  TA!  OY 


49Z 

109F  W  G  Q  G  T 


Sad  (592) 

Edl  3611  (592) 

EcoRV  (S69)TtM11l  (580) 

•iGGCGGAGGCGGATCCGGTGGTGGCGGCTCTGGTGGTGGCGGCAGrM 

T  V  S  S  - *+>  01  QMTQSPSSLSASVGDRVT 


Bsu36l  (519) 
BseRl  (517) 


1*  G  G  G  G  S  GGGGSGGGGS 

-  (flex  linker)  - 

Xhul  (728) 

630  O'  4'  CulC<CA0KAb&A»6IGAMAt7GCTGlAGCC  JJ  '•  -4A- ,'GAAA  .va- •.  .  •  AC  I C  GGCAT  f  CPCC1  f  UAu  *  C I  .  .c -  Cu.  I  U  T :  u.  Hi.  ;GcV  '  aGA 

21*  I  TCRA5QOV«)TAVA«VYQQKFGRAPKLLI  Y5ASFIESGVP5RY5G5R 


Kpnl  (869) 

Bbsl  (809)  (MEC1 VLCDR3)  Acc6SI  (869)  EcoRI  (893) 

768  q  ACI  ACT!  ACTCTA  CCi  8  FA  A1 1  rttgaott  t 

67*SGTDFTLTI  55LQPEDFATYYCQQYY5!  PYTFGQGTiCVEI  K 
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humAb4D5-7  JVM  13  OmpA  flag 


Fig  3 


Ndel  (-1 )  Nrol  <19> 

1  CAUTGAAAAAGACAGCTATCGCGATTGCTGTGGCACTGGCTGGTTTCGCTACCGTAGCGCAGGCC  '  ’  '  A  AT  ‘  .  .GAGGTTC Ai.rTGGrC.GAGT( TGGCGG1GGC CTGG'C C AGCCACGGGr.<  1 

IPMKKTAIAIAVALAGFATVAQADYXL'DODKEVQIVESGGGLVQPGG 

(OmpAsJg)  Xma»  fltaO) 

Smal  1209) 

14©  CACTCCCTTTGTCCTGTGCCGCTTCTGGCTTCAAr.ATTAAAGACACCTATATACACTGGGTGCGTCA&GCCCCGGGTAAGGGCCTGGA*TGGGrTGCAAGCATTTATCCTACGAATGGTTATACTAGATATGC(GATAG 

U>S  LRlSCAASGFNI  KDTYI  HMVRQAPGKGLCWVARI  YPTNGYTRYADS 

BbvO  <35 1) 

BssHII  (347)  Bbsl  (380) 

279  CGTCAAGGGCCGTTKACTATAAGCGCAGACACATCCAAAAACACAGCCTACCrGCAGATGAACAGCCTGCGCGCTGAGGACACAG(CGTCTATTArTGT(jvGTCTTCT7Af.TACGACATCCTGACCGGTTACCTGTAv 
92»  VKGRFT1  SADTSKNTAYLQMNSLRAEDTAVYYCASSVYDI  LTGYLY 

Bsu36l  (445) 


Sad  {si8>(JVM13  VH  CDR3) 

EcM  3611  (518) 

B*eRI  (443)  EcoRV  (495)Tth111l  (506) 

418  TGGGGTCAAGGAACCCTGGTCACCGTCTCCTCAGGCGGAGGCGGATCCGGTGGrGGCGGCTCTGGTGGTGGCGGCAGCGATAKCAGATGACCCAGTCCCCGAGCTCCCTGTCCGCCTCTGTGGGCGAlAGGGTCACCA 

139>  WGQGTLVTVSSGGGG5GGGGSGGGGSOIQWTQSPS5LSASVGORVT 

(tac  linker)  Xhol  (654) 

557  TCACATGf.CGTGCCAGTfAGCATGTGAAnc  7GCTGTAGCCTG<jrATCAACAGAAA:  f AGGAAAAGCTf  CGAAAr  T  AT  TGATTTACTf  GGC ATCCTTCCTCGAGTr  TGGCGKrcmTr  i;CTT<  ’( TGGATCC  AGAT- 
lftS*- 1  T  CRASQOVNTAVAkVY  QQKPGKAP  K.LL  I  YSASF  LESGVPSRFSGSRS 

Bbsl  (735)  KStSS?1*  EcoRI  (8 

696  TGGGACGGATTTCACTCTGACCATCAGCAGTaGCAGCCGGAAGACTTCGCAACTTATTACTGTr  TTCGGACA&GGTACCAAGG7G&AGATCAAATGAGAATTC 

231*  6T0FTLTI  SSLQPEUfATYYCSSYTSSSTLMI  FGQGTKVEI  K 


(JVM13  VLCDR3) 
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Full  MEC1  OmpAflag 


Fig  4 


Ndel  (77)  i96)  b«xio78) 

78  M»t  AT6AAAAAGACAGCTA7CGCGATTGCtGTGGCACTGGCTGG77TCGCTACCGTAGCGCAGGCCG/>TrACAAGCATGACGA".'A>AT A  AC  AC 

1»  M  &  K  T  A  I  A  IA  VAtAGFATV  AQA  1  ■  *»  0LQGJ.6FC-LV  •  F  SL 

0  D  K  1»  T 


8ifGI  (318) 

718  CCTGTCTCtGACCTGCQCGGTrrC’TCTGGTTCTArCTCTTCTTACTACT&CTCTTQCATCCQTCAGCCGCCOCGTAAACGTCTGCAQTGGATCGGTTACATOTACAAATCTCCTTCTACCAACTACAACCCGTCTCTCA 
1»  LSLTCAVS5GS  I  SSVYWSWI  RQPPGKGLQWI  GYMVKSG5TNYNPSL 


Hindi  (377)  Socll  (423)  BssHi  (450)  (MEC1  VH  C0R3) 

358  AATCTCGTGTrACCArCTCTGTTGACACCTCTAAAAACCAGTTCTCTCTGAAACTGTCTTCTGTTACCGCGGCGGACACCGCGATCTACTACTGCGCCCGrTCTCAGGGTCTTrTtACCGCf.ATCtACTACTGGGGTCAG 


48»KS*VTI  SVDTSKNQF  SLKL  5SVTAADTAMYYCAR5QGVLTA  I  DVWGQ 


(OmpAsIg) 


■— -  r 

(flag) 


BstEII  (505) 

498  GGTATCCTGGTTACCCrrTCrTCTGGTGGTGGTGGTTCTGGTGGTGGTGGTTCTGGTGGTGGTGGTTCT  /.»•  TGCAA 

- — n-; — ; - 

»5>  G  I  L  v  T  V  S  5  fltoe  Me*)  !►  N  C  K 


t**GGGGSGGGGSGGGG5 


Rtrl  (759) 

638  ATCTTCTC AGTCTGTTfTGTAC7CrTO AAC  AACA3A4AC7ACCtGGCGtGG‘T ACCAGCAGAAACCGGGFCAGCCGCCGAAACTGCTGATCGACTGGGC'j~CTA'rrGTGAATC‘TGGTGTrCCGGACCGTATCTCTGG'n 


3»  SSQSVLVSSNNKNYLAWVQQXPGQPPKLLI  O^AST«ESGVPDR<SG 


(MEC1  VL  CDR3)  EcoRI  (908 

778  CTGGTTCTGGTACCGACrTCACCCTCACCATnC7rnCTGCAGCCGGAAGACGTTGCGGrTTACrACTGCCAGCAG7ACTACTCTATCCCGTAC*CCTTCGGTCAGGG7ACCAAAGT7GAAATCAAATGA<iaoU 
50*SGSOTDFTLTI  551  QAE  DVAVYYCQQY  V  5  f  PYTFGQGTKVE  I  K 
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Full  JVM13  OmpAflag 


Fig  5 


run  JVIVI  IO  May  Sau96l  (111) 

Avail  (111) 

Tfil  <105) 

Ndel(-I)  Nrvi  t  'l  HaelU  (62)  H.nfl  (105)  Ms«l  (124) 

I  CATAIlAAAAAGACAGCTATCGCGATTGCTGTGGCACTGGCTGGTTTCGCTACCGTAGCGCAGGCCl.W  !  .  .'MjUI-VlG.v  .  •  aai.CAGGTTCAGCTTCAGGAATCTGGTCCGGGTCTGGTTAAACCGTC  TGAA 

1AMKKTA  I  A  I  AVAlAGFATVAQADYKDODOKQVQLQfSGPGLVKPSE 

(OmpAstg)  BstYI  (196)  (”®9) 

Bsg«  (152)  BamHi  (196)  Bsll  (210) 

139  ACCCTGTC7CtGAi;CTGCACCG171CtGGTGG77CTATCT<;tTCTT ACTACTGGTCTtGGATCCGtCACTCTCCCGGT aaaggtctggaatgg a  kggttac attract  ac7ctggttcyacca actacaacccgtc* 

46*  TLSLTGTVSGGSt  SSYVWSWI  RQSPGKGLEWI  GY  •  YVSGSTNYNPS 

SfaNi  (362) 

Sacll  (346) 

HincM  (300)  Bbsl(335)  Msli  (356)  Bbsl(380)  Aqel  (402) 

277  CTGAAATCT(GTCTGACCATCTC7G77GAC*CGTCTAAAAACCACTTC7CTCTGAAACTCTCTTC7CrTACCGCGGCGGACACCGCGA7GCTGTACTACTGCGCGTf.TTCTTAaACGACATf.CTGACCGCTTACC7G 

92*  L  K  5  R  L  T  I  SVDTSXNHFSLKLSSVTAADTAMLYYCASSYYDI  l  T  G  V  l 

Bmrl  (430)  Odel  (508)  — 

Tiqi  (424) 

415  TACTACTACTTCGAaACTGGGGTCAGGGTACCCCGGTTACCGrrTCTTCTGGTGGTGGTGGTTCTGGTGGTGGTCGTTCTGGrGGTCGTGGTTCTCAGTCTGCGGTGACCCAGf  I 

138*  YYYFDr/lGQGTPVTVSSGGGGSGGGGSGGGGSQSALTQPASVSGSP 

—  (flex  linker) 

Tun  (626) 

Bbvi  (626)  Ha«M  (641) 

553  GGTCAGTCTATfArCATCTr.TTGCAC7GGTACCTCTTCTGACGTTGGTGGTTACAACTAf.CTTTCTrGG7ACCAGfAGCACCfGGGTAAAGCGCCGAAACTGA7GATCTACGA(GTT7C7AACCGTCCGTCTGG7GT- 
164*  COSI  T  I  SCTGTSSDVGGYNYVSWYQQMPGKAPKLMI  VDVSNRPSGV 

Bbsl  (756) 

Sfcl  (747) 

Pit  Sapl  (778! 

691  KTAACCGTTTaCTGGTTCTAAATCTGGTAACACCGCGTCTCTGACCATCTCrGGTCTGCAGGCGGAAGACGAAGCGGACTACTACTGCTCTTCTTACACCTCTTCTTCTACCaGATGATCTTCGGTGGTGGTACC 
2  SNRFSGSKSGNTASLTI  5GLQAEDEADVVC55YTSSSTLM1  F  G  G  G  T 


EcoRI  (861) 

829  AAAAAAGGTGAGTTCCTGACCGnCTGTAATGAGAATTC 


(JVM13VLCDR3) 


27  6*  KKGEFLTVL 
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Fig  6. 


Representative  western  for  4D5MEC  anti-FLAG  resin  purification 


I  western  blot  using  anti-FLAG  antibody 
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Final  4D5  MEC  purified  protein  (post  Superdex  200  size  exclusion  column) 


Fig  7. 


98- 

64- 

50- 

36- 


BSA  cone,  titration  (ug/ml) 

M  900  400  300  200  100  SO 


4D5  MEC 


22- 

16- 

6- 


(Coomaasie  Blue  staining) 
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Figure  Legends: 

Fig  1.  Shown  is  the  DNA  and  protein  sequence  of  the  4D5  single  chain  Fv  antibody 
incorporated  into  the  OmpA/Flag-tag  expression  vector.  This  is  the  negative  control 
antibody  generated  to  absorb  irrelevant  Phage. 

Fig  2.  This  is  the  DNA  and  protein  sequence  of  the  expression  vector  whereby  the 
CDR3  sequences  from  the  4DS  antibody  have  been  replaced  with  the  CDR3 
sequences  from  the  tumor  immunoglobulin  displayed  on  the  surface  of  the  Mccl 
tumor  line. 

Fig  3.  This  is  the  DNA  and  protein  sequence  of  the  expression  vector  whereby  the 
CDR3  sequences  from  the  4D5  antibody  have  been  replaced  with  the  CDR3 
sequences  from  the  tumor  immunoglobulin  displayed  on  the  surface  of  the  |VM13 
tumor  line. 

Fig  4.  Shown  is  the  cloned  DNA  sequence  and  the  translated  amino  acid  sequence  of 
the  variable  portions  of  the  Meet  surface  immunoglobulin.  Both  heavy  and  light 
chain  sequences  are  supplied. 

Fig  5.  Shown  is  the  cloned  DNA  sequence  and  the  translated  amino  acid  sequence  of 
the  variable  portions  of  the  JVM  13  surface  immunoglobulin.  Both  heavy  and  light 
chain  sequences  are  supplied. 

Fig  6.  Representative  purification  of  cloned  antibody  proteins  from  the  OmpA/Flag- 
tag  expression  vector.  From  left  to  right,  proteins  of  increasing  purity  are  shown. 
Detection  is  via  the  Flag-tag  on  the  N-terminus  of  the  protein.  It  is  detected  with  an 
anti-FLAG  antibody.  By  way  of  example,  the  4D5-Mecl-CDR3  protein  is  shown. 
Other  proteins  purify  in  a  similar  way. 

F'ig  7.  Purity  of  the  final  product  is  shown.  Decreasing  amounts  of  albumin  are 
shown  on  the  gel  for  comparing  gel  loading  and  estimating  protein  concentrations. 
The  band  to  the  extreme  right  is  the  4D5-MeclCDR3  protein  that  was  expressed  and 
purified. 
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